Summary
Compared with the limited capacity of the human body to store carbohydrate (CHO), endogenous fat depots are large and represent a vast source of fuel for exercise. However, fatty acid (FA) oxidation is limited, especially during intense exercise, and CHO remains the major fuel for oxidative metabolism. In the search for strategies to improve athletic performance, recent interest has focused on several nutritional procedures which may theoretically promote FA oxidation, attenuate the rate of muscle glycogen depletion and improve exercise capacity. In some individuals the ingestion of caffeine improves endurance capacity, but L-carnitine supplementation has no effect on either rates of FA oxidation, muscle glycogen utilisation or performance. Likewise, the ingestion of small amounts of medium-chain triglyceride (MCT) has no major effect on either fat metabolism or exercise performance. On the other hand, in endurance-trained individuals, substrate utilisation during submaximal [60% of peak oxygen uptake (V .
O2peak)] exercise can be altered substantially by the ingestion of a high fat (60 to 70% of
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Sports Med 1998 Apr; 25 (4): 241-257 0112-1642/98/0004-0241/$08.50/0 energy intake), low CHO (15 to 20% of energy intake) diet for 7 to 10 days. Adaptation to such a diet, however, does not appear to alter the rate of working muscle glycogen utilisation during prolonged, moderate intensity exercise, nor consistently improve performance. At present, there is insufficient scientific evidence to recommend that athletes either ingest fat, in the form of MCTs, during exercise, or 'fat-adapt' in the weeks prior to a major endurance event to improve athletic performance.
In the search for strategies to enhance athletic performance, recent investigations have focused on nutritional techniques which may theoretically promote fat oxidation and slow rates of muscle glycogen depletion, thereby improving exercise capacity. Such nutritional interventions include:
• ingestion of caffeine and L-carnitine • the consumption of medium chain (C 6-10 ) triacyglycerol (TG) before and during exercise • fat ingestion and fat infusions before and during exercise • exposure to high fat, low carbohydrate (CHO) diets. This review provides a brief summary of some of the factors that limit the utilisation of fat as an energy source for skeletal muscle during moderate intensity exercise, and describes several dietary interventions known to have an effect on substrate utilisation and athletic performance.
Fat as an Energy Source for Physical Activity
The human body utilises carbohydrate (CHO), fat and to a lesser extent protein, as fuel for muscular work. As an energy source, fat has several advantages over CHO; the energy density is higher (37.5 vs 16.9 kJ/g) while the relative weight as stored energy is lower. On the other hand, for every gram of CHO stored as glycogen, approximately 2g of water are stored. [1] Consequently, the amount of glycogen stored in muscle and liver is limited to ≈450g. Fat can be stored in much higher amounts. In a healthy untrained male, up to 10kg of fat is stored, mainly in adipose tissue. However, intramuscular fat storage is usually very small; total muscle mass may contain up to 300g of fat of which the major part is stored within the myocyte as small lipid droplets. [2] [3] [4] Both fatty acids (FA) stored in adipose tissue and fat entering the circulation after a meal can serve as potential energy sources for the muscle cell. Small but physiologically important amounts of FA are also stored as TG inside the muscle cells. FA liberated from TG stored in adipocytes are released to blood, where they are bound to albumin. Albumin levels in human blood are ≈6 mmol/L, while levels of FA are ≈0.2 to 1.0 mmol/L. As albumin can maximally bind 8 FAs, [5] the albumin transport capacity is in excess of the FA actually bound under physiological circumstances and as such, cannot be the limiting factor for FA oxidation by muscle. FA can also be derived from the TG core of circulating chylomicrons and very low density lipoproteins (VLDL), which are both formed from dietary fat in the post-absorptive state. Chylomicrons are formed in the epithelial wall of the intestine and reach the blood stream after passage through the lymphatic system. VLDL are synthesised in the liver after which they are released directly into the blood stream.
Factors Limiting Fatty Acid Uptake by Muscle Cells
During perfusion of the muscle capillaries, FA bound to albumin or stored in the core of chylomicrons and VLDL have to be released prior to transport across the vascular membrane. In the case of VLDL and chylomicrons this is achieved by the action of the enzyme lipoprotein lipase (LPL). LPL is synthesised within the muscle cell and, after an activation process, is translocated to the vascular endothelial cell membrane where it
